This study revealed patterns in osteoporosis patients' treatment preferences, which cannot be related to sociodemographic or clinical characteristics, implicating unknown underlying reasons. Therefore, to improve quality of care and treatment, patients should have an active role in treatment choice, irrespective of their characteristics. Introduction Patient centeredness is important to improve the quality of care. Accounting for patient preferences is a key element of patient centeredness, and understanding preferences are important for successful and adherent treatment. This study was designed to identify different preferences profiles and to investigate how patient characteristics influence treatment preferences of patients for anti-osteoporosis drugs. Methods Data from a discrete choice experiment among 188 osteoporotic patients were used. The hypothetical treatment options were characterized by three attributes: treatment efficacy, side effects, and mode/frequency of administration. A mixed logit model was used to measure heterogeneity across the sample. Subgroup analyses were conducted to identify potential effect of patient characteristics. Latent class modeling (LCM) was applied. Associations between patients' characteristics and the identified latent classes were explored with chi-square. Results All treatment options were important for patients' decision regarding osteoporotic treatment. Significant heterogeneity was observed for most attributes. Subgroup analyses revealed that patients with a previous fracture valued efficacy most, and patients with a fear of needles or aged > 65 years preferred oral tablets. Elderly patients disliked intravenous medication. Three latent classes were identified, in which 6-month subcutaneous injection was preferred in two classes (86%), while oral tablets were preferred in the third class (14%). No statistically significant associations between the profiles regarding socio-demographic or clinical characteristics could be found. Conclusions This study revealed patterns in patients' preferences for osteoporosis treatment, which cannot be related to specific sociodemographic or clinical characteristics. Therefore, patients should be involved in clinical decision-making to reveal their preferences.
Introduction
Patients' preferences regarding osteoporosis treatment are important when aiming for successful treatment. It is well known that adherence to anti-osteoporosis medications is suboptimal, resulting in decreased treatment benefits and increased costs [1, 2] . Patients, whose individual beliefs, values, and preferences regarding anti-osteoporosis medications have been taken into account during the decision-making process, experience better quality of care and may reveal better adherence [2] . Therefore, in order to optimize the treatment benefits, patients' preferences have to be investigated and to be incorporated within clinical guidelines and policy decisions [3, 4] .
In a recent study, patients' preferences for osteoporosis treatment were studied in seven European countries, by means of a discrete choice experiment (DCE) [5] . This study revealed that different treatment aspects, i.e., efficacy, safety, and mode of administration, were important for patients with osteoporosis within the seven countries. There was however a large heterogeneity within as well as between countries. The impact of individual patient characteristics on preferences were not assessed in this study, although it is known that background characteristics such as age, gender, or clinical factors (e.g., prior fracture) could potentially influence patients' preferences [6] . Further research investigating presence of differences between potentially relevant subgroups could therefore be of importance, as emphasized by Laba [7] . On a same line, latent class models are nowadays increasingly used to model preference heterogeneity in health [8] . In latent class models, respondents are classified into different subgroups based on their response on choices or alternatives and such models could thus allow the identification of different profiles of respondents.
Understanding preference heterogeneity and the potential impact of covariates on patients' preferences could provide relevant information for clinicians to optimize osteoporosis care. The aims of this study were therefore to identify single patient characteristics that influence preferences for anti-osteoporotic drugs and to explore existence of profiles of patient profiles of preferences for osteoporotic drugs and to investigate how patient characteristics influence treatment profiles.
Methods
Data from the Dutch patients who participated in the European DCE (n = 188) were used [5] . Patients with, or at risk for, osteoporosis to whom medication or lifestyle changes were proposed were recruited at the osteoporosis or rheumatology outpatient clinics. In a paper-based questionnaire, patients were asked to make a series of hypothetical choices between two unlabeled drug alternatives that varied along several attributes of interest (and a no treatment option). The three attributes in the European DCE were (I) efficacy of the treatment, (II) side effects, and (III) mode and frequency, fixed in a prespecified number of combinations, of administration [9, 10] . Additional information regarding the selection of attributes, experimental design, recruitment, questionnaires, and data analysis can be found in previous publications [5, 11] . The list of attributes and levels as well as an example of a choice task can be found in Fig. 1 .
The paper-based questionnaires contained 16 choice tasks. In addition, several questions regarding patients' characteristics were included. Socio-demographic (age, gender, educational level, household size, household net monthly income), medical (self-reported osteoporosis, using anti-osteoporosis medication, ulcer, and/or gastro-intestinal (GI) problems), and other characteristics (body mass index (BMI), patient's perceived wellbeing (measured with a VAS (visual analog scale)), problems taking medication orally, afraid of needles) were collected. Fig. 1 Attributes, levels, and an example of a choice task
Statistical analysis
Various statistical methods were used to explore heterogeneity in patient's preferences, as described below.
First, a mixed logit model (MXL) was used which allows to measure heterogeneity within the entire sample [12] . This model allows model parameters (preferences) to vary in the population. The variation is quantified by a random parameter characterized by a mean (β) and standard deviation of the error term (η) to capture the parameter's distribution. If the standard deviation is significantly different from zero, this is interpreted as evidence of significant preference heterogeneity for the attribute/level in the sample. The random parameter for the attribute Befficacy^was drawn from a log-normal distribution, this allows us to constrain the parameter estimate to be positive [12] . All other random parameters were drawn from a normal distribution. The estimation was conducted using 2000 Halton draws. The mixed logit model identifies attributes for which there is significant preference heterogeneity, but it does not explain why this heterogeneity exists.
The attribute Befficacy^was analyzed as a continuous variable. All other attributes were included as effects-coded categorical variables. Instead of using dummy coding, we used effect coding, a technique in which the effects are not directly correlated to the intercept and the effect of the reference value is the negative sum of all other characteristics. For the attribute side effects, gastro-intestinal problems were used as the reference value while weekly tablets were used as reference for mode of administration [13] [14] [15] . A positive regression coefficient (beta) suggests that patients prefer an increase of a level within an attribute, whereas a negative coefficient suggests that patients prefer a decrease of a level within an attribute. To facilitate interpretation of the coefficient, the importance of each attribute was defined as the difference between the highest and lowest coefficients of each attribute divided by the total sum of these differences [16] .
Second, to understand the potential sources of preference heterogeneity, subgroup analyses were conducted including the following covariates that were considered during the design phase of the study as potentially relevant for future subgroup analyses: gender (male vs. female), age (< 65 years of age vs. ≥ 65 years of age), having suffered from a prior fracture (suffered a fracture vs. did not suffered from a fracture), and fear of needles. Joint models were estimated using interaction terms to investigate significant difference among people with different characteristics.
Third, a latent class model (LCM) was used to identify preference profiles of patients. A LCM relates a set of observed data (the preferences as reported by the patients) to a set of unobserved (latent) data, and resulting in classification of patients in latent in classes, based on their responses on during the DCE. As a result of using unobserved data, the chance of a Type I error (unjustified rejecting a null hypothesis) will be reduced [17] . In addition, a LCM has the advantage that it allows to classify patients into classes, which represent a subpopulation in the study population, rather than compare patients on an individual level [18] . The LCM can also be used to explore if covariates (such as gender or having a previous fracture) influence the probability to belong to a particular class. Class membership is latent in that each respondent belongs to each class up to a modeled probability [19] . Therefore, a LCM is a suitable tool to gain insight into the existence and number of classes in the respondent sample, based on their treatment preferences instead of, e.g., clinical or socio-demographic characteristics. To determine the number of classes, the model with the best fit explained based on Akaike's Information Criterion (AIC) was selected [20] . Patients were allocated to the latent class in which the patient had the highest fit.
Finally, we investigated if the latent classes differed according to all the patients' characteristics described above. Since the parameters were categorical, chi-squared tests were used to test whether parameters significantly differed across latent classes. The data were dichotomized or stratified when possible. For the chi-square analysis, a significance level of < 0.05 was regarded as statistical significant. The MXL and LCM were build and analyzed with the software package of Nlogit V.5.28. The chi-square tests were analyzed with IBM SPSS 24™.
Results

Patient characteristics
Data of 188 patients were used. Patients were mostly female (78%), with an average age of 66 years (SD 11, range 23-88 years). Seventy percent of the patients had osteoporosis, and 49% used currently anti-osteoporosis medication. Thirtyeight percent of the patients suffered from a previous fracture and 79% suffered from GI problems. The educational level of 60% of the patients was middle vocational education or higher. Most patients had a household with one partner (67%) and an average net income between 1500 and 2500 Euro monthly (42%). Almost half of the patients (49%) were overweight or obese. More than 1 in 4 patients rated their perceived wellbeing relatively poor, with a VAS score of < 50. Finally, 21% of the patients reported having fear of needles and 93% of the patients reported some problems taking medication orally. A summary of all patients' characteristics can be found in Table 1 .
Mixed logit model
All attributes (efficacy, side effects, and mode of administration) were statistically significant. Efficacy was the most important attribute (relative importance 39%), followed by mode of administration (relative importance 31%) and side effects (relative importance 30%). Significant heterogeneity was observed for most of the attribute parameters suggesting variations in the levels of attributes. In general, patients favored skin problems and flu-like symptoms over GI problems. In addition, the treatment options with the lowest frequency were less favored than the same treatment options with a lower dosage frequency. Patients preferred subcutaneous treatment every 6 months and monthly oral tablets more compared to the other modes of administration. The results of the mixed logit model can be found in Table 2 . Given the significant standard deviation for most coefficients, variations in preferences between patients were observed for all attributes,
Subgroup analyses
Subgroup analyses resulted in differences between the relative importance of the attributes. Between the subgroups, side effects were the attribute of which the relative importance had the smallest range (range 28-68%). Efficacy (range 28-68%) mode of administration (range 8-37%) showed wider ranges. Within the subgroups, only few significant differences were observed within the three subgroup analyses. First, patients who have suffered from a previous fracture valued efficacy more than patients who did not suffer from a previous fracture. Second, older patients and patients with fear of needles disfavor the treatment option with intravenous medication and they favor monthly oral tablet more. In addition, for these patients, mode of administration was the most important attribute and side effects the least important attribute. For all other attributes, no other significant differences were observed. The summarized results are presented in Table 3 . Detailed results, including coefficient per subgroup and the significance of the differences within the subgroups, are presented in Appendix Tables 5, 6 , 7, 8, and 9.
Latent class model
Three latent classes of patients were identified, one patient could not be classified and was therefore excluded which resulted in a sample of 187 patients. About 65% of patients were allocated in latent class 1, 21% in latent class 2, and 14% in latent class 3. Efficacy was deemed equally important for latent class 1 and 2, and did not reach statistical significance in latent class 3. GI problems were the most disliked side effect in latent classes 1 and 2, and skin problems the most disliked side effect in the latent class 3. In class 1, subcutaneous injections every 6 months and monthly tablets and annual intravenous administration of the medication were the most preferred mode of administration. For the latent class 2, subcutaneous injections every 6 months were the preferred mode of administration. In class 3, monthly and weekly oral tablets were preferred while the subcutaneous injections every 6 months were a mode of administration patients disliked. Finally, for each mode of administration, the option with the lowest dosage frequency was favored in all latent classes.
Chi-square analysis
When assessing the differences of the individual patient characteristics between the latent classes, no statistical significant differences were found. In Table 4 , the patient characteristics for the whole population and each individual latent class are presented. 
Discussion
In this study, the influences of patient characteristics and heterogeneity among osteoporosis patients on preferences for osteoporosis treatment were investigated. The population consisted of a heterogeneous group of patients, who considered the three attributes (1, efficacy; 2, mode (including frequency) of administration; and 3, side effects) of importance. For the attribute mode of administration, there was little difference between the subgroups. The wide range of relative importance for the attributes efficacy and side effects suggests a trade-off between efficacy and mode of administration within the subgroups. In addition, there were only limited variations in preferences between subgroups (age, gender, and having suffered from a previous fracture). Patients aged ≥ 65 preferred oral medication over intravenous medication. Patients whom have suffered from a previous fracture valued efficacy of medication more than patients without a previous fracture. There was no difference in preference between genders. In addition, three latent classes, each with its own pattern in treatment preferences, based on the patient preferences, were identified. Patients were not evenly distributed over these three classes, about two-third of patients were allocated in one class. In two out of three latent classes, GI problems were the most disliked side effect, which is comparable with the results of Hiligsmann et al. [5, 11] , and subcutaneous injections every 6 months were the preferred mode of administration. In the third latent class, skin problems were the most disliked side effect and oral tablets were the preferred mode of administration. To our knowledge, few studies have investigated the impact of covariates on preferences of osteoporosis medication, none of them comparable to our study. Therefore, we compare our outcomes with studies in which the preferences of osteoporosis patients were studied. The findings concerning other patient preferences were similar to the findings of Weiss et al., who reported that patients value effectiveness over mode and frequency of administration of medication [21] . Our findings are however in contrast with Silverman et al. who described that age, gender, educational level, and income were associated with the preferred mode of osteoporosis treatment administration [6, 22] . In this study, other parameters, such as ethnicity and age, were included. When concerning frequency of administration, patients in latent classes 1 and 2 disliked weekly tablets which were also observed in the preferred study [23] . This observation is important because currently weekly tablets are the preferred choice of treatment according to the current osteoporosis guidelines, but thus not the preferred treatment option by patients [24] .
While it seems that the identification of the three latent classes is of limited clinical value, since they are not directly matched with the individual patient, it does have an important implication. As different patterns in treatment preferences were observed which cannot be related to socio-demographic or clinical patient characteristics, it would thus be important in the clinical decision-making to investigate the preference of each individual patient and involve the patient in the choice of treatment option which they feel suits their needs.
Involvement of patients in clinical decision-making could reduce the burden of non-adherence. However, health care professionals are not always able to provide patients with the proper information [25, 26] . Therefore, to assist physicians and patients with the choice regarding osteoporosis treatment and to enhance therapy adherence by involving patients in the decision-making process, a decision aid (DA) in which patients with osteoporosis can choose their preferred treatment could be a valuable addition to current treatment [27] [28] [29] [30] [31] [32] . In a DA, patients are often presented with the full range of treatment possibilities and information regarding the administration of the drug, effectiveness, and side effects [33, 34] . Since preferences can differ over time, once a patient has made decision patients should be followed up regularly to check or the treatment is still in accordance with the patients' preferences [35] . This study has some potential limitations. First, there were missing data, mainly concerning patient characteristics, especially for the socio-demographic parameters net household income. Since the data-collection was anonymously conducted in 2012, we were unable to clarify inconsistent answers or supplement missing data. Second, the low sample size for some of the characteristics could potentially be a limitation. Third, the questionnaires on patient characteristics and medical information were anonymously, self-completed by the patients and could not be cross-checked in, for example, medical records. Fourth, not all relevant socio-demographic and clinical characteristics were collected, such as ethnicity. The FRAX (Fracture Risk Assessment Tool) score was also not incorporated in the analysis due to the absence of data. Knowledge of the risk of a new fracture could potentially influence patient preferences [36] .
In conclusion, this study revealed patterns in patients' preferences for osteoporosis treatment which cannot be related to specific socio-demographic or clinical characteristics. This implicates underlying causes for the preferences which were not observed. This unique finding could be a potential entry point for additional patient preferences research, revealing latent causes influencing non-adherence.
While acknowledging the complexity of this matter and the need for further investigation, the importance of improving therapy adherence urges that patients should be offered a more active role in the choice of treatment, tailored to their preferences, fears, and believes, irrespective of their characteristics, or current treatment protocol. Active involvement of patients, for example, by using a decision aid, might lead to improved therapy adherence.
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